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5SFBUNFOUXJUIBOUJNZDJO"BOECPOHLSFLJDBDJEDBVTFEBEFDSFBTFJOUIF"51MFWFMJO'-
QBSFOUBMDFMMTBOEFWFONPSFQSPNJOFOUMZJO'-#DMDFMMT	đHVSF"BOE#
"TBDPOUSPM
GPSUPUBMDFMMVMBS"51EFQMFUJPOXFBMTPUSFBUFE'-QBSFOUBMBOE#DMDFMMTXJUIBOUJNZDJO"
VOEFSHMVDPTFGSFFDPOEJUJPOTUPCMPDLCPUINJUPDIPOESJBMBOEHMZDPMZUJD"51QSPEVDUJPO6OEFS
UIFTFDPOEJUJPOTWJSUVBMMZBMMDFMMTEJFEXJUIJOI	đHVSF"
BOE#DMDPVMEOPMPOHFSQSPUFDU
BHBJOTUDFMMEFBUI	EBUBOPUTIPXO
ăFBNPVOUPG"51XBTSBQJEMZEFDSFBTFEXIFODFMMTXFSFUSFBUFE
XJUIBOUJNZDJO"VOEFSHMVDPTFGSFFDPOEJUJPOT	đHVSF"BOE#
$BMDVMBUFEBTBQFSDFOUBHF
PGUIFBNPVOUPG"51GPVOEJOVOUSFBUFEDFMMTBOUJNZDJOF"JOHMVDPTFGSFFNFEJVNEFDSFBTFE
"51MFWFMTUPBQQSPYJNBUFMZBĕFSIEPXOUPMFTTUIBOBĕFSI	đHVSF$
"ĕFS
USFBUNFOUXJUIUIFDPNCJOBUJPOPGBOUJNZDJO"BOECPOHLSFLJDBDJEBTJNJMBSEFDSFBTFXBTTFFOJO
'-#DMDFMMT	đHVSF%BCPVUBĕFSIBOEBĕFSI
BOEUPBMFTTFSFYUFOUJO'-
QBSFOUBMDFMMT	BCPVUBĕFSIBOEBĕFSI
8FBMTPFYBNJOFEXIFUIFS#DMNBZ
BDUUPQSFTFSWFUIF"51"%1SBUJPVOEFSUIFTFDJSDVNTUBODFTXIJDINBZIBWFBMPX"51"%1
QPPM	UBCMF
)PXFWFSXFGPVOEUIBUUIF"51"%1QPPMXBTOPUSFNBSLBCMZMPXBOEUIFSF
XBTBEFDSFBTFJO"51"%1SBUJPJOCPUI'-QBSFOUBMBOE'-#DMDFMMT
7DEOH$73$'3FRQFHQWUDWLRQVDQG$73$'3UDWLRRI)/FHOOVWUHDWHGZLWKDQWLP\FLQ$DQG
ERQJNUHNLFDFLG
$$DQWLP\FLQ$%$ERQJNUHNLFDFLGXQWUXQWUHDWHG
'LVFXVVLRQ
*OBOVNCFSPGTUVEJFTJUIBTCFFOSFQPSUFEUIBUBQPQUPUJDDFMMEFBUIJTBTTPDJBUFEXJUISFTQJSBUPSZ
EZTGVODUJPO	#PTTZ8FU[FMFUBM"EBDIJFUBM(BSDÎB3VJ[FUBM
8IFUIFS
SFTQJSBUPSZEZTGVODUJPOJTBGBDUPSUIBUDPOUSJCVUFTUPUIFJOJUJBUJPOPGBQPQUPTJTPSSBUIFSBDPOTF
RVFODFPGBQPQUPUJDDIBOHFTJONJUPDIPOESJBJOQBSUJDVMBSDZUPDISPNFDSFMFBTFJTTUJMMPQFOGPS
JOWFTUJHBUJPO*UXBTTIPXOUIBUBEEJUJPOPGFYPHFOPVTDZUPDISPNFDDBOSFTUPSFJNQBJSFESFTQJSB
UPSZGVODUJPOFBSMZJOBQPQUPTJT	.PPUIBFUBM
0UIFSTIBWFTIPXOUIBUSFTQJSBUPSZDIBJO
EFđDJFOUDFMMTBSFQSFEJTQPTFEUPVOEFSHPBQPQUPTJTJOWJWP	8BOHFUBM
*OPVSFYQFSJNFOUT
JOIJCJUJPOPGNJUPDIPOESJBMSFTQJSBUJPOBUDPNQMFY***PGUIFFMFDUSPOUSBOTQPSUDIBJOCZBOUJNZDJO
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)LJXUH7KHFRPELQDWLRQRIDQWLP\FLQ$DQGERQJNUHNLFDFLGLQGXFHVFHOOGHDWKLQ-XUNDWQHRFHOOV
EXWQRWLQ%FORYHUH[SUHVVLQJFHOOV
-XUNDWQHRFORVHGVTXDUHVDQG-XUNDW%FOFHOOVRSHQFLUFOHVZHUHWUHDWHGZLWKDQWLP\FLQ$QJPOFRPELQHG
ZLWKERQJNUHNLFDFLGǋ0DQGVXEVHTXHQWO\FHOOGHDWKZDVGHWHUPLQHGE\ÀRZF\WRPHWULFDQDO\VLVRISURSLGLXP
LRGLGHVWDLQLQJ
"EJEOPUBĈFDUWJBCJMJUZJOEJDBUJOHUIBUJNQBJSFESFTQJSBUPSZGVODUJPOEPFTOPUOFDFTTBSJMZMFBEUP
DFMMEFBUI#MPDLJOH"%1"51FYDIBOHFBDSPTTUIFNJUPDIPOESJBMNFNCSBOFCZUIF"/5JOIJCJUPS
CPOHLSFLJDBDJEEJEOPUJOEVDFDFMMEFBUIFJUIFSTIPXJOHUIBUBGVODUJPOBM"/5JTOPUSFRVJSFE
GPSTVSWJWBM'VSUIFSNPSFUIFTFEBUBJOEJDBUFUIBUCPUI'-BOE+VSLBUDFMMTDBOTVSWJWFVOEFS
DPOEJUJPOTXIFSFNJUPDIPOESJBMMZHFOFSBUFE"51JTOPUBWBJMBCMFJOUIFDZUPTPM6OEFSUIFTFDJS
DVNTUBODFTHMZDPMZTJTJOUIFDZUPTPMNBZQSPWJEFUIF"51OFDFTTBSZUPNBJOUBJODFMMVMBSWJBCJMJUZ
ăJTJTDPSSPCPSBUFECZUIFPCTFSWBUJPOUIBUDFMMEFBUIJTJOEVDFEXIFODFMMTBSFUSFBUFEXJUIFJUIFS
BOUJNZDJO"PSCPOHLSFLJDBDJEJOUIFBCTFODFPGHMVDPTFăFTFEBUBGVSUIFSNPSFTIPXUIBUUIF
JOIJCJUPSTBSFFĈFDUJWF
%FTQJUFUIFGBDUUIBUUIFJOIJCJUPSTBMPOFIBEOPFĈFDUPODFMMVMBSWJBCJMJUZXFGPVOEUIBUTJNVMUB
OFPVTJOIJCJUJPOPGNJUPDIPOESJBMSFTQJSBUJPOBOEBEFOJOFUSBOTMPDBUJPO	CZDPNCJOFEUSFBUNFOU
XJUIBOUJNZDJO"BOECPOHLSFLJDBDJE
EJEJOEVDFDFMMEFBUIăJTQIFOPNFOPOPDDVSSFEJOCPUI
NVSJOF'-BOEIVNBO+VSLBUDFMMTJOEJDBUJOHUIBUUIFFĈFDUJTOPUSFTUSJDUFEUPBTQFDJđDDFMM
MJOFPSTQFDJFT
4JODFCPUIBOUJNZDJO"BOECPOHLSFLJDBDJEBĈFDU"51NFUBCPMJTN	FJUIFSNJUPDIPOESJBMQSP
EVDUJPOPSUSBOTQPSU
BQPTTJCMFFYQMBOBUJPOPGUIFJSDFMMEFBUIJOEVDJOHDBQBDJUZXIFODPNCJOFE
NBZCFGPVOEJOUIFJSFĈFDUPOUIFDFMMVMBS"51DPOUFOU8FJOEFFEGPVOEBNBSLFEEFDSFBTFJO
DFMMVMBS"51MFWFMJO'-DFMMTUSFBUFETJNVMUBOFPVTMZXJUIBOUJNZDJO"BOECPOHLSFLJDBDJE
.BTTJWFDFMMEFBUIXBTBMTP JOEVDFEXIFODFMMTXFSFEFQMFUFEPG DFMMVMBS"51CZBOUJNZDJO"
VOEFSHMVDPTFGSFFDPOEJUJPOTXIJDICMPDLTCPUINJUPDIPOESJBMBOEHMZDPMZUJD"51QSPEVDUJPO
)PXFWFS"51EFQMFUJPOBMTPPDDVSFEJO'-#DMDFMMTUIBUXFSFUSFBUFEXJUIBOUJNZDJO"JO
DPNCJOBUJPOXJUICPOHLSFLJDBDJECVUUIFTFDFMMTTVSWJWFEUIFUSFBUNFOUăJTNFBOTUIBU"51
EFQMFUJPOJTOPUOFDFTTBSJMZDPSSFMBUFEXJUIDFMMEFBUIBOENBZUIFSFGPSFOPUCFUIFUSJHHFSPGDFMM
EFBUIJOEVDFECZUIJTDPNCJOBUJPOPGJOIJCJUPST"MUFSOBUJWFMZ"51EFQMFUJPODPVMEUSJHHFSUIF
JOEVDUJPOPGBQPQUPTJTCVU#DMNBZIBMUUIFDFMMEFBUIQSPDFTTBUBMFWFMEPXOTUSFBNPGNJUP
DIPOESJBM"51NFUBCPMJTN
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)LJXUH$SRSWRWLFIHDWXUHVRIFHOOGHDWKLQGXFHGE\WKHFRPELQDWLRQRIDQWLP\FLQ$DQGERQJNUHNLF
DFLGLQ)/DQG-XUNDWFHOOV
$)/SDUHQWDOFHOOV-XUNDWQHRFHOOVDQG%FORYHUH[SUHVVLQJVXEFORQHVZHUHWUHDWHGZLWKDQWLP\FLQ$
ǋJPOIRU)/DQGQJPOIRU-XUNDWWRJHWKHUZLWKERQJNUHNLFDFLGǋ0DQGZHUHVXEVHTXHQWO\DQDO\VHG
IRUWKHSUHVHQFHRIDODGGHURIEDQGVLQWKH'1$LQGLFDWLQJHQGRQXFOHRVRPDO'1$GHJUDGDWLRQ/DQH)/
SDUHQWDOFHOOVDIWHUDQGKRXUVRIWUHDWPHQWUHVSHFWLYHO\/DQH)/%FOFHOOVDIWHUDQG
KRXUVRIWUHDWPHQWUHVSHFWLYHO\/DQH-XUNDWQHRFHOOVDIWHUKRXUVWUHDWPHQW/DQH
-XUNDW%FOFHOOVDIWHUKRXUVWUHDWPHQW
%-XUNDWQHRDQG-XUNDW%FOFHOOVZHUHWUHDWHGZLWKDQWLP\FLQ$QJPOLQFRPELQDWLRQZLWKERQJNUHNLFDFLG
ǋ0IRUDQGKRXUVDQGZHUHVXEVHTXHQWO\VWDLQHGZLWKDQQH[LQ9),7&DQGSURSLGLXPLRGLGH
3,DQGDQDO\VHGRQDÀRZF\WRPHWHU$QQH[LQ9SRVLWLYHORVVRISODVPDPHPEUDQHDV\PPHWU\DQG3,QHJDWLYH
VWDLQLQJSODVPDPHPEUDQHLQWHJULW\$QQ3,PDUNVHDUO\VWDJHDSRSWRVLVDQGSHUFHQWDJHVRIFHOOVZLWKWKHVH
IHDWXUHVDUHJLYHQLQWKHORZHUULJKWTXDGUDQWV&HOOVXQGHUJRLQJDSRSWRVLVLQYLWURZLOOVXEVHTXHQWO\EHFRPH$QQ
3,ZKHQWKH\ORVHSODVPDPHPEUDQHLQWHJULW\DQGEHFRPHODWHDSRSWRWLFVHFRQGDU\QHFURWLFSHUFHQWDJHVLQXSSHU
ULJKWTXDGUDQWV
$FMMEFBUIJOEVDFECZBOUJNZDJO"JODPNCJOBUJPOXJUICPOHLSFLJDBDJEBQQFBSFEUPPDDVSUISPVHI
BQPQUPTJTBTUIFDFMMTFYIJCJUFEFOEPOVDMFPTPNBM%/"EFHSBEBUJPO	%/"MBEEFSJOH
BOEMPTT
PGQMBTNBNFNCSBOFBTZNNFUSZ	BOOFYJO7TUBJOJOHJODFMMTXJUIBOJOUBDUDFMMNFNCSBOF
4FWFSF
DFMMVMBS"51EFQMFUJPOJTVTVBMMZMJOLFEXJUIOFDSPUJDDFMMEFBUI	/JDPUFSBFUBM-FJTUFUBM
-JFCFSUIBMFUBM
ăJTEJTDSFQBODZNBZBSJTFGSPNUIFEJĈFSFOUJOIJCJUPSTVTFEUPJOEVDF
"51EFQMFUJPOPSUIFEZOBNJDTPGJOEVDUJPOăF"51EFDSFBTFJOPVSFYQFSJNFOUTNBZIBWFCFFO
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)LJXUH$73OHYHOVGRQRWH[SODLQWKHFHOOGHDWKSKHQRPHQDFDXVHGE\DQWLP\FLQ$LQFRPELQDWLRQ
ZLWKERQJNUHNLFDFLG
7RDVVHVVWKHHIIHFWVRIWKHFRPELQDWLRQRIDQWLP\FLQ$DQGERQJNUHNLFDFLGRQFHOOXODU$73OHYHOVWKH$73FRQWHQWLQ
H[WUDFWVIURP[YLDEOHFHOOVZDVGHWHUPLQHGE\+3/&
$)/SDUHQWDOFHOOVDQG%)/%FOFHOOVZHUHWUHDWHGZLWKDQWLP\FLQ$ǋJPODQGERQJNUHNLFDFLG
ǋ06XEVHTXHQWO\WKH$73FRQWHQWZDVPHDVXUHGLQFHOOH[WUDFWVDIWHUDQGKRXUVRILQFXEDWLRQDQG
ZDVFDOFXODWHGLQSLFRPROHVSHUFHOOVDVDPHDQRIGXSOLFDWHVDPSOHVXQWUHDWHGFRQWUROVGDVKHGOLQHVRSHQ
VTXDUHVDQWLP\FLQ$JOXFRVHIUHHWUHDWHGFHOOVVROLGOLQHVRSHQFLUFOHVDQWLP\FLQ$ERQJNUHNLFDFLGWUHDWHGFHOOV
VROLGOLQHVFORVHGVTXDUHV
&'5HODWLYH$73OHYHOVRI)/SDUHQWDOEODFNFROXPQVDQG)/%FOFHOOVJUD\FROXPQVDUHFDOFXODWHG
DVSHUFHQWDJHVRI$73FRQWHQWRIXQWUHDWHGFRQWUROV7KH$73FRQWHQWRIXQWUHDWHGFRQWUROVLV¿[HGDWDQG
UHSUHVHQWHGE\DEODFNOLQH
&5HODWLYH$73OHYHOVRI)/FHOOVDIWHUWUHDWPHQWZLWKDQWLP\FLQ$XQGHUJOXFRVHIUHHFRQGLWLRQVWREORFN
VLPXOWDQHRXVO\PLWRFKRQGULDODQGJO\FRO\WLF$73SURGXFWLRQDQGWKXVLQGXFHFHOOXODU$73GHSOHWLRQ
'UHODWLYH$73OHYHOVRI)/FHOOVDIWHUFRPELQHGDQWLP\FLQ$DQGERQJNUHNLFDFLGWUHDWPHQW
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TMPXSFBDIJOHEFQMFUJPOMFWFMTPOMZBĕFSIăFSFGPSFUIFJOJUJBMBNPVOUPGDFMMVMBS"51NBZ
IBWFCFFOFOPVHIUPNFFUUIFFOFSHZSFRVJSFNFOUTGPSUIFBQPQUPUJDEFBUIQSPDFTT
"T#DMJOIJCJUFEDFMMEFBUIJOEVDFECZBOUJNZDJO"DPNCJOFEXJUICPOHLSFLJDBDJECVUEJE
OPUQSFWFOUUIFBTTPDJBUFEEFDMJOFJO"51#DMQSPUFDUJPODBOOPUCFBUUSJCVUFEUPNBJOUBJOJOH
DFMMVMBS"51MFWFMT*OBEEJUJPOXFGPVOEUIBU#DMDPVMEOPUSFTDVFUIF"51"%1SBUJPVOEFS
UIFTFDPOEJUJPOT4JNJMBSSFTVMUTXJUI#DMPĈFSJOHQSPUFDUJPOVOEFS"51EFQMFUJOHDPOEJUJPOT
IBWFCFFOSFQPSUFESFDFOUMZ	4JOHMFFUBM
ăFGBJMVSFPG#DMUPQSFWFOU"51EFQMFUJPO
GVSUIFSNPSFTIPXTUIBU#DMJTOPUMJLFMZUPGVODUJPOCZJOEVDJOH"51HFOFSBUJOHNFDIBOJTNT
ăFTFEBUBBSFJOBDDPSEBODFXJUIđOEJOHTJOBOPUIFS*-EFQFOEFOUDFMMMJOFXIFSFSFHVMBUJPOPG
BQPQUPTJTCZ#DMXBTTIPXOOPUUPEFQFOEPOJOEVDUJPOPGPYJEBUJWFQIPTQIPSZMBUJPOPSHMZDPMZTJT
	(BSMBOE)BMFTUSBQ

$FMMTPWFSFYQSFTTJOH#DMTVSWJWFEEFTQJUFTFWFSFDFMMVMBS"51EFQMFUJPO#DMNBZBDIJFWFUIJT
CZGBDJMJUBUJOHQSPMPOHFENFUBCPMJDBSSFTUJOXIJDIDFMMTTVSWJWFJOBOFOFSHFUJDBMMZRVJFTDFOUTUBUF
BOEBSF MFTTEFQFOEFOUPO"51ăJTXBTBMTPTVHHFTUFEGPSBOPUIFS*-EFQFOEFOUDFMM MJOF JO
XIJDIJNQBJSFENFUBCPMJDBMGVODUJPOXBTSFMBUFEUPDFMMEFBUI	(BSMBOE)BMFTUSBQ
)PX
FWFSXIFOCPUINJUPDIPOESJBMBOEHMZDPMZUJD"51QSPEVDUJPOXFSFCMPDLFE	CZUSFBUNFOUXJUI
BOUJNZDJO"VOEFSHMVDPTFGSFFDPOEJUJPOT
"51EFQMFUJPOXBTBMTPJOEVDFECVU#DMOPMPOHFS
QSPUFDUFEBHBJOTUDFMMEFBUIăJTDPNCJOBUJPOPGJOIJCJUPSTNBZOPUBMMPXGPSUIFFTUBCMJTINFOU
PGBRVJFTDFOUTUBUFăFLJOFUJDTPG"51EFQMFUJPOJOEVDFECZCMPDLJOHCPUINJUPDIPOESJBMBOE
HMZDPMZUJD"51QSPEVDUJPONBZEJSFDUDFMMTUPXBSETDFMMEFBUICZOFDSPTJTJOTUFBEPGBQPQUPTJTJO
XIJDI#DMNBZCFQSFWFOUFEUPFYFSUJUTJOIJCJUPSZFĈFDU*UXPVMECFXPSUIXIJMFUPJOWFTUJHBUF
XIFUIFS#DMNBZIBWFBOFĈFDUPONJUPDIPOESJBM"51MFWFMPSNJUPDIPOESJBM"51"%1SBUJP
4JODFUIFUPUBMDFMMVMBS"51MFWFMJTEPNJOBUFECZDZUPTPMJD"51BQPTTJCMFNPEVMBUJPOPGTVCDFM
MVMBS"51DPODFOUSBUJPOTCZ#DMXPVMECFFBTJMZNJTTFE
ăFJOIJCJUPSTVTFEJOPVSFYQFSJNFOUTNBZIBWFPUIFSFĈFDUTCFTJEFTJOUFSGFSJOHXJUI"51HFOF
SBUJPOPSUSBċDLJOHXIJDIDPVMEDPOUSJCVUFUPUIFPCTFSWFEDFMMEFBUIQIFOPNFOB"OUJNZDJO
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